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OPTICAL DISC HAVING A PLURALITY OF
RECORDING LAYERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 15/122,330 filed Aug. 29, 2016, which 1s a

National Stage Application of PCT Application No. PCT/
JP2015/056049 filed Mar. 2, 2015 which claims priority to

Japanese Patent Application No. JP2014-038669 filed Feb.

28, 2014, the entire disclosures of which are hereby incor-
porated by reference in their entireties.

TECHNICAL FIELD

The present invention relates to an optical disc having a
plurality of recording layers.

BACKGROUND ART

Increasing of density of an optical disc such as a CD or
DVD has been progressing. In recent years, by development
ol a violaceous laser, a BD (Blu-ray (registered trademark)
Disc) 1 which recording density has been increased even
more than 1n a DVD, has been achieved.

By providing a plurality of recording layers in such a BD,
it 1s possible to implement further increasing of capacity of
the optical disc (Patent Document 1).

PRIOR ART DOCUMENT

Patent Document

Patent Document 1: JP 2009-123264 A

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

In the case of multi-layering an optical disc, as storage
capacity becomes increasingly large, it becomes possible to
record a large amount of data on a single optical disc. Now,
read of the data 1s performed by irradiating with a laser at a
certain position on the optical disc from a pickup, and
sometimes, due to a layout of data, accessibility 1s impaired
and information cannot be smoothly read and played back.
The present invention was made 1n view of such a problem,
and has an object of providing an optical disc capable of
smoothly reading and playing back information.

Means for Solving the Problem

An optical disc according to an embodiment of the present
invention comprises at least three layers of recording layers
that each record information 1n an information track formed
in a spiral from one to the other of an mner circumierential
side and an outer circumierential side. The recording layer
comprises: an inner circumierential side region positioned
on the mmner circumierential side; a data region which 1s
positioned to the outer circumierential side of the inner
circumierential side region and records content information;
and an outer circumierential side region positioned to the
outer circumierential side of the data region. The content
information 1s recorded in the data region of the three or
more layers of recording layers, and a point on an upper
layer and a point on a lower layer one layer below the upper
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layer at which playback switches from content information
of the upper layer being played back 1in an inner circumfier-
ential direction to content information of the lower layer, are
set s0 as to be more to the outside than an innermost
circumierential position of the data region.

In the optical disc according to the present embodiment,
positions of the above-described point on the upper layer
and point on the lower layer can be freely set, and 1t 1s
possible for a portion suitable for switching in the content
information to be selected as a point of switching, and for
information to be smoothly read and played back.

Moreover, the optical disc sometimes generates warping,
or the like 1n a manufacturing step, hence data recorded on
the inner circumierential side can be stored with better
reliability. Now, 1n the optical disc according to the present
embodiment, the point on the upper layer and the point on
the lower layer one layer below the upper layer at which
playback switches from content information of the upper
layer being played back 1n an inner circumierential direction
to content information of the lower layer, are set so as to be
more to the outside than the innermost circumierential
position of the data region. Therefore, 1n such cases as when,
for example, there 1s specific information which it 1s desired
to preferentially store with good reliability other than con-
tent information, this specific mmformation can be stored
close to the center of the optical disc.

In the above-described embodiment, a point on the upper
layer and a point on the lower layer one layer below the
upper layer at which playback of content information of the
upper layer being played back in an outer circumierential
direction switches to content information of the lower layer,
may be set so as to be more to the mside than a certain
position. The optical disc according to such an embodiment
makes 1t possible, for example, for a portion suitable for
switching in the content information to be selected as a point
of switching, and for information to be smoothly read and
played back, as previously mentioned. Moreover, since
content information 1s all stored within a certain range from
the center of the optical disc 1, the entire content information
can be stored with good reliability.

Moreover, 1n the above-described embodiment, distances
from the center of the optical disc to the point on the upper
layer and the point on the lower layer at which playback
switches, may match. From the optical disc according to
such an embodiment, information can be read without
moving a pickup, and iformation can be read and played
back even more smoothly.

Content information of the lower layer may be recorded
in the recording layer so as to be played back 1n a reverse
direction to content information of the upper layer.

Moreover, content information of the lower layer maybe
recorded in the recording layer so as to be played back in an
identical direction to content information of the upper layer,
and 1n this case, content information of the lower layer may
be played back read randomly from content information of
the upper layer. Such an optical disc enables information to
be smoothly read and played back, hence enables a high
speed search system to be achieved, for example.

Moreover, a picture, for example, may be displayed in a
region where content information 1s not recorded of the
recording layer.

An optical disc according to another embodiment of the
present nvention comprises n (3=n) layers of recording
layers that each record information in an information track
formed 1 a spiral from one to the other of an 1nner
circumierential side and an outer circumierential side. The
recording layer comprises: an inner circumierential side
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region positioned on the mner circumierential side; a data
region which 1s positioned to the outer circumiferential side
of the mner circumierential side region and records content
information; and an outer circumierential side region posi-
tioned to the outer circumierential side of the data region.
Moreover, an information amount of content information
recorded 1n the recording layer which 1s the k-th (1=k=n-1)
layer from a layer furthest from a light source for informa-
tion playback 1s larger than an information amount of
content information recorded in the recording layer which 1s
the (k+1) -th layer from the layer furthest from the light

source for information playback.

Eftect of the Invention

The present mvention makes 1t possible to provide an
optical disc capable of smoothly reading and playing back
information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic perspective view showing one
example of an optical disc 1 according to a first embodiment
ol the present invention.

FIG. 2 1s a view showing a layout of recorded information
of a recording layer L0 1n the A-A' cross section.

FI1G. 3 1s a view showing a layout of recorded information
of a recording layer L1 in the A-A' cross section.

FI1G. 4 1s a view showing a layout of recorded information
of a recording layer .2 1n the A-A' cross section.

FIG. 5 1s a schematic cross-sectional view for explaining
a recording method and a playback method of content
information, of an optical disc according to a first compara-
tive example.

FIG. 6 1s a schematic cross-sectional view for explaining
a recording method and a playback method of content
information, of an optical disc according to a second com-
parative example.

FIG. 7 1s a schematic cross-sectional view for explaining
a recording method and a playback method of content
information, of the optical disc according to the first embodi-
ment of the present invention.

FIG. 8 1s a schematic cross-sectional view for explaining
a recording method and a playback method of content
information, of an optical disc according to a second
embodiment of the present invention.

FIG. 9 1s a schematic cross-sectional view for explaining
a recording method and a playback method of content
information, of an optical disc according to a third embodi-
ment of the present mnvention.

FIG. 10 1s a schematic cross-sectional view for explaining,
a recording method and a playback method of content
information, of an optical disc according to a fourth embodi-
ment of the present invention.

FIG. 11 1s a schematic cross-sectional view for explaining
a recording method and a playback method of content
information, of an optical disc according to a fifth embodi-
ment of the present invention.

EMBODIMENTS FOR CARRYING OUT TH.
INVENTION

T

[Schematic Configuration of Optical Disc according to
First Embodiment of Present Invention]

FIG. 1 1s a schematic perspective view showing one
example of an optical disc 1 according to a first embodiment
of the present invention. The optical disc 1 according to the
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present embodiment 1s a stacked type Blu-ray Disc ROM or
recording type disc having three layers of recording layers
[.0-L.2 stacked therein. A recording surface of the recording
layers L.0-L.2 1s provided with: an imnner circumierential side
region 10 positioned in a certain region of an 1nner circum-
ferential side; a data region 20 which 1s positioned to an
outer circumierential side of the iner circumierential side
region 10 and records content information; and an outer
circumierential side region 30 positioned to the outer cir-
cumierential side of the data region 20.

In the recording layers LO and L2 of the optical disc 1
according to the present embodiment, an mformation track
1s formed from the inner circumierential side to the outer
circumierential side. Moreover, 1n the recording layer L1, an
information track 1s formed from the outer circumierential
side to the inner circumierential side. Note that the infor-
mation tracks formed in the recording layers L0-L2 are all
formed 1n a spiral following an i1dentical rotation direction.
Therefore, the optical disc 1 always rotates 1n an identical
direction whichever of the recording layers 1s being played
back.

Light for recording or playback 1s 1irradiated from a lower
surface side of the optical disc 1 1 FIG. 1, the recording
layer furthest from a light source 1s L0, and the recording
layer closest to the light source 1s L2. A focus position of the
light source 1s moved up and down, whereby information of
the recording layers 1.0-L2 1s recorded or played back.

FIG. 2 1s a view showing a layout of recorded information
in the A-A' cross section of the recording layer L0. In the
present embodiment, the mner circumierential side region
(Inner Zone) 17 (10) includes a BCA (Burst Cutting Area) .
The BCA 1s a region that records various kinds of informa-
tion related to the optical disc 1, and 1s recorded on an
optical disc manufacturing master disc, or 1s formed from
the outside by a laser after manufacturing of the optical disc.

Moreover, the mner circumierential side region 17 1s
utilized as a lead-1n region, and includes: a first protection
region (Protection Zone) PrZ1, a PIC region (Permanent
Information & Control Zone) PIC; a second protection
region PrZ2; and an information/reservation region (INFO/
Reserved) I/R.

In the case that the optical disc 1 1s a recording type
medium, the first protection region PrZ1 and the second
protection region PrZ2 respectively prevent overwrite of
data being performed 1n the PIC region PIC or the informa-
tion/reservation region I/R when write amounts of data to
the BCA and the PIC region PIC have reached a certain level
Or more.

On the other hand, 1n the case that the optical disc 1 1s a
ROM type medium, the first protection region PrZ1 prevents
laser write of the BCA aflecting the PIC region. Moreover,
the second protection region PrZ2 is provided between a
wide pitch region and a normal pitch region which will be
described later, and prevents a signal disturbance due to
switching of pitch interval on the information track affecting
operation of a read drnive.

The PIC region PIC records various kinds of information
related to the optical disc 1, such as an address of content
information or a playback parameter of the optical disc 1.
Similarly, the information/reservation region I/R also
records various kinds of information related to the optical
disc 1.

In the present embodiment, the data region (Data Zone)
DZ (20) 1s provided 1n a region of from 24.0 to a maximum
of 58.0 mm, and records content information such as, for
example, a movie or music, a program, and so on.




US 10,255,941 B2

S

In the present embodiment, the outer circumferential side
region (Outer Zone) OZ (30) 1s a region to the outer
circumierential side of the data region DZ.

FIG. 3 1s a view showing a layout of recorded information
in the A-A' cross section of the recording layer 1. When the
optical disc 1 according to the present embodiment 1s a
ROM type medium having three layers of recording layers,
the recording layer L1 1s not provided with a BCA, a lead-in
region, and a lead-out region (FIG. 4).

FI1G. 4 1s a view showing a layout of recorded information
in the A-A' cross section of the recording layer .2. When the
optical disc 1 according to the present embodiment 1s a
ROM type medium having three layers of recording layers,
the recording layer 1.2 1s not provided with a BCA and a
lead-in region. Moreover, the outer circumiferential side
region OZ of the recording layer L2 1s utilized also as a
lead-out region.

Note that in the optical disc 1 according to the present
embodiment, the lead-in region was provided only in the
recording layer L0, and the lead-out region was provided
only 1n the recording layer .2. However, 1t 1s also possible,
for example, for the lead-in region and the lead-out region
to be provided 1n all of the recording layers L0, L1, and L2.

[Recording Methods of Content Information according to
Comparative Examples]

Next, a recording method of content information accord-
ing to the present embodiment will be described while
comparing with methods according to comparative
examples. FIG. 5 1s a schematic cross-sectional view for
explaining a recording method and a playback method of
content information, of an optical disc according to a first
comparative example. In the first comparative example,
content information 1s recorded 1n entire regions of the data
regions DZ of the recording layers L0 and L1 and 1n a region
from an mnermost circumierence to a position partway to
the outer circumierential side of the data region DZ of the
recording layer L2, regardless of content of the content
information.

Reading data from the optical disc 1s performed by
irradiating with a laser at a certain position on the optical
disc from a pickup, hence sometimes, due to a layout of data,
accessibility 1s 1mpaired and information cannot be
smoothly read and played back. For example, when content
information 1s a moving image, a bit rate of data required 1n
playback 1s large 1n a scene having much movement. There-
fore, 1iI content information gets recorded by a specific
layout regardless of content of the content information,
sometimes, focusing 1s performed at such a timing, speed of
read drops, and the moving image 1s not played back
smoothly.

Moreover, the optical disc sometimes generates warping,
or the like 1n a manufacturing step, hence data recorded on
the inner circumierential side can be stored with better
reliability. Therefore, when, for example, there 1s specific
information which it 1s desired to preferentially store with
good reliability other than content information, this specific
information 1s desirably recorded close to the center of the
optical disc.

FIG. 6 1s a schematic cross-sectional view for explaining
a recording method and a playback method of content
information, of an optical disc according to a second com-
parative example. In the second comparative example, con-
tent information 1s recorded 1n an entire region of the data
region DZ of the recording layer L0, 1n a region from an
outermost circumierence to a position partway to the mner
circumierential side of the data region DZ of the recording
layer L1, and 1n a region from the mnermost circumierence
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to a position partway to the outer circumierential side of the
data region DZ of the recording layer L2, regardless of
content of the content information.

In the optical disc according to the second comparative
example also, content information 1s recorded by a specific
layout regardless of content of the content information.
Moreover, 1n the optical disc according to the second com-
parative example, the above-described specific information
can be recorded 1n a region from the innermost circumier-
ence to a position partway to the mner circumierential side
of the data region DZ of the recording layer L1, and this
specific information can be stored with good reliability.
However, 1n the second comparative example, a recording
finish position of content information recorded 1n the record-
ing layer L1 and a recording start position of content
information recorded 1n the recording layer 1.2 are separated.
Therefore, the need arises to move the pickup after content
information has been read from the recording layer L1.
However, it 1s possible to broaden a choice of means of
selecting an arbitrary position not interfering with content
playback and moving to another layer.

|[Recording Method of Content Information according to
Present Embodiment]

Next, the recording method of content information
according to the present embodiment will be described. FIG.
7 1s a schematic cross-sectional view for explaiming the
recording method and a playback method of content infor-
mation, of the optical disc 1 according to the present
embodiment. In the present embodiment, part of the content
information 1s recorded from the inner circumierential side
to the outer circumierential side, 1n an entire region of the
data region DZ of the recording layer L0. In addition,
information of a continuation of this part 1s stored from the
outer circumierential side to the inner circumiferential side,
in a region from the outermost circumierence to a position
al partway to the inner circumierential side of the data
region D7 of the recording layer 1. Furthermore, informa-
tion of a further continuation of this imnformation 1s recorded
from the mner circumierential side to the outer circumfier-
ential side, 1n a region from the above-described position al
to a position partway to the outer circumierential side of the
data region DZ of the recording layer L.2. Note that distances
from the center of the optical disc 1 of the recording finish
position of content information in the recording layer L1 and
the recording start position of content information in the
recording layer L2 need not perfectly match, and need only
substantially match.

In the present embodiment, a portion suitable for switch-
ing 1s adopted 1n the recording finish position of content
information 1n the recording layer L1 and the recording start
position of content information 1n the recording layer L.2. As
this portion suitable for switching, it 1s possible to eflec-
tively utilize a portion where bit rate 1s small 1n the content
information, such as a scene where there 1s comparatively
little change 1n an 1mage in a moving 1mage, or a portion
where there 1s comparatively little sound 1n music, for
example.

Now, positions in a horizontal plane (positions in the
rotation direction) of the recording finish position of content
information 1n the recording layer L1 and the recording start
position of content information in the recording layer L2
need not substantially match, and there may also be provided
a region ol a certain blank, for example. It 1s also possible
for a length of this blank to be determined in view of the
likes of a time required for focusing, or an angle that the
optical disc 1 rotates during this time, for example. More-
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over, 1t 1s also possible for dummy data for performing
focusing to be recorded 1n advance 1n this blank region.

Note that 1n the case of adopting the recording method of
content information according to the present embodiment, as
shown 1n FIG. 7, an information amount of content infor-
mation recorded in the recording layer Lk (k=0 and 1) 1s
larger than an information amount of content information
recorded 1n the recording layer Lk+1. Moreover, a region
where content information 1s recorded 1n the recording layer
Lk contains all of a region where content information 1s
recorded 1n the recording layer Lk+1.

Moreover, 1n the present embodiment, the likes of the
recording start positions or finish positions in each of the
recording layers L0-L2 of the content information, are
recorded in the PIC region.

In the present embodiment, the point on the upper layer
and the point on the lower layer one layer below the upper
layer at which playback switches from content information
of the upper layer being played back in an 1nner circumfier-
ential direction to content information of the lower layer, 1s
set so as to be more to the outside than the innermost
circumierential position of the data region. That 1s, 1n the
optical disc according to the present embodiment, positions
ol the above-described point on the upper layer and point on
the lower layer can be freely set, and it 1s possible for the
portion suitable for switching in the content information to
be selected as the point of switching, and for information to
be smoothly read and played back.

Moreover, content information 1s not recorded in the
region from the imnermost circumierence to the position al
partway to the outer circumierential side of the data region
DZ, of the recording layers L1 and L2, hence the above-
described specific information can be recorded in this
region. Furthermore, distances from the center of the optical
disc 1 to the recording finish position of content information
in the recording layer L1 and the recording start position of
content information 1n the recording layer L2, substantially
match. Therefore, after content information has been read
from the recording layer L1, content information can be
rapidly read from the recording layer 1.2 without moving the
pickup.

Note that the above-described position al exists in the
data region DZ. Therelfore, a distance from the center of the
optical disc 1 of the position al 1s 24.0-38.0 mm in the
present embodiment. Moreover, the position al 1s, for
example, either concervably determined based on the por-
tion suitable for switching in the content information, or
conceivably determined based on size of the above-de-
scribed specific information.

Recording Method of Content Information
according to Second Embodiment of Present
Invention

Next, a recording method of content information accord-
ing to a second embodiment of the present invention will be
described. FIG. 8 1s a schematic cross-sectional view for
explaining the recording method and a playback method of
content information, ol an optical disc according to the
present embodiment.

The recording method of content information according to
the present embodiment 1s basically similar to the recording,
method of content information according to the first embodi-
ment, but 1in the present embodiment, content information 1s
recorded 1n a region from the innermost circumierence to a
position a2 (a2<58.0 mm) of the data region DZ of the
recording layer L0, and 1n regions from the position al to the
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position a2 of the data regions DZ. of the recording layers L1
and L.2. Note that, distances from the center of the optical
disc 1 to the recording finish positions of content informa-
tion 1n the recording layers O and L2 and the recording start
position of content information in the recording layer L1
need not perfectly match, and need only substantially match.

Note that the position a2 may also be determined based
on, for example, the portion suitable for switching in the
content information, and sizes of content information and
the above-described specific information.

Moreover, 1n the present embodiment, a portion suitable
for switching in the content information 1s adopted not only
in the recording finish position of content information 1n the
recording layer L1 and the recording start position of content
information in the recording layer L2, but also in the
recording finmish position of content information in the
recording layer L0 and the recording start position of content
information in the recording layer L1.

In the optical disc according to the present embodiment,
the point on the upper layer and the point on the lower layer
one layer below the upper layer at which playback of content
information of the upper layer being played back 1n an outer
circumierential direction switches to content information of
the lower layer, are set so as to be more to the mside than
58.0 mm. Therefore, similarly to i the first embodiment, it
1s possible for the portion suitable for switching in the
content mnformation to be selected as the point of switching,
and for information to be smoothly read and played back.

Moreover, 1n the optical disc according to the present
embodiment, content information 1s all stored within a
certain range from the center of the optical disc 1, hence the
entire content information can be stored with good reliabil-
ity. Furthermore, the recording finish position of data in the
recording layer L0 and the recording start position of data in
the recording layer L1, and the recording finish position of
data 1 the recording layer L1 and the recording start
position of data in the recording layer L2, substantially
match, hence a rapid read can be performed.

|Recording Method of Content Information according to
Third Embodiment of Present Invention]

Next, a recording method of content information accord-
ing to a third embodiment of the present invention will be
described. FIG. 9 1s a schematic cross-sectional view for
explaining the recording method and a playback method of
content information, ol an optical disc according to the
present embodiment.

The recording method of content information according to
the present embodiment 1s basically similar to the recording,
method of content information according to the second
embodiment, but 1n the present embodiment, distances from
the center of the optical disc of the recording finish positions
of content information in the recording layers .0 and .1 and
the recording start positions of content information in the
recording layers L1 and L2, are not matched substantially.
Even in such a mode, similarly to in the first and second
embodiments, information can be smoothly played back.
Moreover, even in the present embodiment, 1n the recording
layers 1O, L1, and L2, content information 1s all stored 1n a
region {from the mnermost circumierence to the above-
described point a2 of the data region DZ, and the entire
content information can be stored with good reliability.

|[Recording Method of Content Information according to
Fourth Embodiment of Present Invention]

Next, a recording method of content information accord-
ing to a fourth embodiment of the present invention will be
described. FIG. 10 1s a schematic cross-sectional view for
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explaining the recording method and a playback method of
content information, of an optical disc according to the
present embodiment.

The optical disc according to the present embodiment 1s
a stacked type Blu-ray Disc having three layers of recording
layers L.0-L2 stacked therein, and content information
recorded 1n the recording layer of a lower layer 1s played
back read randomly from content information recorded in
the recording layer of an upper layer. Recording surfaces of
the recording layers L0-L2 are provided with the inner
circumierential side region 10, the data region 20, and the
outer circumierential side region 30, similarly to 1n the first
embodiment. Note that descriptions of data structures of the
inner circumierential side region 10 and the outer circum-
ferential side region 30, and so on, will be omatted.

In the recording layers L.0-L.2 of the optical disc according,
to the present embodiment, the information tracks are
formed from the inner circumiferential side to the outer
circum{ierential side. Moreover, these information tracks are
all formed 1n a spiral following an i1dentical rotation direc-
tion. Therefore, the optical disc according to the present
embodiment always rotates 1n an identical direction which-
ever of the recording layers 1s being played back. Note that
a direction 1n which the information tracks are formed may
be appropriately changed, and, for example, the information
tracks 1n the recording layers LLO-L2 may all be formed 1n a
direction directed from the outer circumierential side to the
inner circumierential side.

Light for recording or playback is irradiated from a lower
surface side of the optical disc 1 FIG. 10, the recording
layer furthest from the light source 1s L0, and the recording
layer closest to the light source 1s L2. The focus position of
the light source 1s moved up and down, whereby information
of the recording layers 1LO-L2 1s recorded or played back.

Information including link information 1s recorded as
content information 1n the data region 20 of the recording
layer L.O. Moreover, information of a link destination of this
link imnformation 1s recorded in the data regions 20 of the
recording layers L1 and L.2. Furthermore, distances from the
center of the optical disc to the recording finish positions of
the link information in the recording layer LO and the
recording start positions of the mformation of the link

destinations in the recording layers L1 and L2, substantially
match.

Moreover, 1n the optical disc according to the present
embodiment, as shown 1n FIG. 10, the information amount
of content information recorded 1n the recording layer Lk
(k=0 and 1) 1s larger than the information amount of content
information recorded in the recording layer Lk+1. More-
over, the region where content information 1s recorded 1n the
recording layer Lk contains all of the region where content
information 1s recorded in the recording layer Lk+1.

In the case of employing the optical disc according to the
present embodiment, it 1s possible that after the link infor-
mation recorded in the recording layer L0 has been read, a
continuation of information recorded 1n the recording layer
L0 or information of the link destination recorded in the
recording layer .1 or L2 1s rapidly read, based on conditions
of external operation, and so on. Therefore, when, for
example, such an optical disc 1s applied to the likes of a
navigation system or database, 1t becomes possible for
movement of the pickup to be suppressed whereby desired
data 1s rapidly accessed, and a high speed search system can
be achieved.

[Recording Method of Content Information according to

Fifth Embodiment of Present Invention]
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Next, a recording method of content information accord-
ing to a fifth embodiment of the present invention will be
described. FIG. 11 1s a schematic cross-sectional view for
explaining the recording method and a playback method of
content information, of an optical disc according to the
present embodiment.

The optical disc according to the present embodiment 1s
a stacked type Blu-ray Disc having three layers of recording
layers LLO-L2 stacked therein. Recording surfaces of the
recording layers L.O-L2 are provided with the mnner circum-
terential side region 10, the data region 20, and the outer
circumierential side region 30, similarly to in the first
embodiment. Note that descriptions of data structures of the
inner circumierential side region 10 and the outer circum-
ferential side region 30, and so on, will be omitted.

In the optical disc according to the present embodiment,
contrary to in a so-called OTP type or PTP type optical disc,
the information track in the recording layer L0 1s formed in
a direction directed from the imnner circumierential side to the
outer circumierential side, and the information tracks in the
recording layers L1 and 1.2 are formed 1n a direction directed
from the outer circumierential side to the iner circumfier-
ential side. Moreover, these information tracks are all
formed 1n a spiral following an 1dentical rotation direction.
Therefore, the optical disc according to the present embodi-
ment always rotates in an i1dentical direction whichever of
the recording layers 1s being played back.

Light for recording or playback 1s irradiated from a lower
surface side of the optical disc 1n FIG. 11, the recording layer
furthest from the light source 1s L0, and the recording layer
closest to the light source 1s L2. The focus position of the
light source 1s moved up and down, whereby information of
the recording layers L.0O-L2 1s recorded or played back.

In the data region 20 of the recording layer L0, content
information 1s recorded along the information track, and 1n

the data region 20 of the recording layer L1, content
information of a continuation of this 1s further recorded.
Moreover, in the present embodiment, a portion suitable for
switching 1n the content information 1s adopted as the
recording finish position of content information in the
recording layer L0 and the recording start position of content
information 1n the recording layer 1. Furthermore, content
information recorded 1n the data region 20 of the recording
layer L1 includes link information, and information of a link
destination of this link information 1s recorded in the data
region 20 of the recording layer L.2. In addition, distances
from the center of the optical disc to the recording finish
position of the link information 1n the recording layer L1 and
the recording start position of the information of the link
destination in the recording layer L2, substantially match.

Note that in the case of adopting the recording method of
content information according to the present embodiment, as
shown 1n FIG. 11, the information amount of content infor-
mation recorded in the recording layer Lk (k=0 and 1) 1s
larger than the information amount of content information
recorded 1n the recording layer Lk+1. Moreover, the region
where content information 1s recorded 1n the recording layer
Lk contains all of the region where content information 1s
recorded 1n the recording layer Lk+1.

In the case of employing the optical disc according to the
present embodiment, 1t 1s possible that while read of infor-
mation recorded in the data region 20 of the recording layer
L1 1s being performed, information of the link destination
recorded in the data region 20 of the recording layer L2 1s
rapidly read, based on conditions of external operation, and
soon. Therefore, when such an optical disc 1s employed 1n
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recording ol a movie or the like, 1t 1s also possible for notes,
and so on, related to a scene of the movie to be displayed 1n
response to an operation.

|Optical Discs according to Other Embodiments]

The optical discs according to the above-described
embodiments each had three layers of recording layers, but
in an optical disc having four or more layers of recording
layers, storage capacity further increases. Therelore, the
present invention may also be applied to an optical disc
having four or more layers of recording layers.

Moreover, 1n the case where, for example, an optical disc
1s provided with n (3=n) layers of recording layers, 1t 1s also
possible to adjust such that an information amount of
content information recorded in the recording layer which 1s
the k-th (1=k=n-1) layer from a layer furthest from a light
source for information playback 1s larger than an informa-
tion amount of content information recorded in the recording
layer which 1s the (k+1)-th layer from the layer furthest from
the light source for mnformation playback.

Moreover, the optical disc according to the above-de-
scribed fifth embodiment was configured to enable content
information recorded in the recording layer L2 to be
accessed while content information recorded 1n the record-
ing layer L1 was being read. However, it may also be
configured to, for example, enable content information
recorded 1n the recording layer L1 or L2 to be accessed
while content information recorded 1n the recording layer 1.0
1s being read. Furthermore, when the optical disc has four
layers of recording layers, a series of content information
items 1ncluding link information may be recorded in the
recording layers .0 and L2, for example, and information of
link destinations may be respectively recorded in the record-
ing layers L1 and L3.

Moreover, 1n each of the optical discs according to the
above-described embodiments, recording start positions or
finish positions 1n each of the recording layers of content
information was recorded 1n the PIC region of the recording
layer L0, but these data may also be recorded in a region
other than the PIC region.

Furthermore, 1n the optical discs according to the above-
described embodiments, 1t 1s also possible that when, for
example, data 1s not recorded 1n a region having a certain
distance or more from the center of the optical disc, a picture
1s displayed in this region where data i1s not recorded.
Display of the picture 1s conceivably performed by, for
example, pit art utilizing a pit, a groove, or a land 1n a
drawing, or 1s conceivably performed by, for example,
performing printing on the above-described region where
data 1s not recorded. This makes 1t possible to increase an
added value of the optical disc.

DESCRIPTION OF REFERENCE NUMERALS

1. .. optical disc

10 . . . inner circumierential side region
20 . . . data region

30 . . . outer circumierential side region
LLO-L2 . . . recording layer

The invention claimed 1s:

1. A reading method for reading information with a laser
from an optical disc including a plurality of recording layers,
the method comprising:

positioning a focus position of the laser at a first recording

layer;

reading a first information recorded 1n the first recording

layer while the focus position of the laser 1s being
moved toward a reading direction, the reading direction
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being a direction from one of an 1nner side and an outer
side of the optical disc to the other;

detecting a first address information recorded 1n the first

recording layer;

positioning the focus position of the laser at a second

recording layer in response to the detection of the first
address 1nformation;

reading a second information recorded in the second

recording layer while the focus position of the laser 1s
being moved toward the reading direction;

detecting a second address information recorded in the

second recording layer;

positioning the focus position of the laser at the first

recording layer in response to the detection of the
second address information; and

reading a third information recorded 1n the first recording

layer while the focus position of the laser 1s being
moved toward the reading direction.

2. The reading method for reading information according,
to claim 1, wherein

the focus position of the laser does not move substantially

in a radial direction of the optical disc while the focus
position of the laser 1s moving from the first recording
layer to the second recording layer.

3. The reading method for reading information according,
to claim 2, wherein

the focus position of the laser does not move substantially

in a radial direction of the optical disc while the focus
position of the laser 1s moving from the second record-
ing layer to the first recording layer.

4. A reading method for reading information with a laser
from an optical disc including a plurality of recording layers,
the method comprising:

positioning a focus position of the laser at a first recording

layer;

reading a {irst information recorded in the first recording

layer while the focus position of the laser 1s being
moved toward a reading direction, the reading direction
being a direction from one of an 1nner side and an outer
side of the optical disc to the other;

detecting a first address imnformation recorded 1n the first

recording layer;

positioning the focus position of the laser at a second

recording layer in response to the detection of the first
address 1nformation;

reading a second information recorded in the second

recording layer while the focus position of the laser 1s
being moved toward the reading direction;

detecting a second address information recorded in the

second recording layer;

positioning the focus position of the laser at a third

recording layer in response to the detection of the
second address information; and

reading a third information recorded 1n the third recording

layer while the focus position of the laser 1s being
moved toward the reading direction.

5. The reading method for reading information according,
to claim 4, wherein

the focus position of the laser does not move substantially

in a radial direction of the optical disc while the focus
position of the laser 1s moving from the first recording
layer to the second recording layer.

6. The reading method for reading mnformation according
to claim 5, wherein

the focus position of the laser does not move substantially

in a radial direction of the optical disc while the focus
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position of the laser 1s moving from the second record-
ing layer to the third recording layer.
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